For ambient water (25 C • ), an experimental fit performed in Ref. 1 (using short spectra) yields distribution of 15%, 80%, 5% for water molecules with 2,1, and 0 donated hydrogen bonds, respectively. This results in the average of 0.15 × 2 + 0.8 × 1 + 0.05 × 0 = 1.1 donated (and accepted) H-bonds per water molecule, which differs greatly from the number 1.74 obtained in this work. 16 Our extraction of the number of donated H-bonds is based on linear interpolation of area of X-ray absorption intensity of 17 pre-edge peak (region I) 18 σ = σgas (1 − aN d ) [1] 19 with known values of number of donated H-bonds for gas N d = 0 and ice N d = 2. This equation together with areas of the 20 pre-edge peaks for gas, liquid and ice (Table S1) allows to find unknown constant a and results in the value N d = 1.74 ± 2.1% 21 for liquid water under ambient conditions. There is no strict derivation of Eq. 1. However, there is indirect evidence that this 22 linear approximation is a reasonable one. 23 Indeed, the used linear interpolation is supported by our previous results devoted to the simulation of XAS for 64 water 24 molecules in a (1.24nm) 3 -cubic cell with periodic boundary conditions (see Ref. 2). Individual XAS spectra were calculated for 25 each oxygen atom of 21 snapshots, sampled with 5-ps intervals by using the Bethe-Salpeter equation and MD simulations. This 26 sampling procedure yields 1344 = 64 × 21 spectra for ambient conditions. Fig. S5 depicts the mean area of pre-edge σ for water 27 molecules as a function of the number of donated hydrogen bonds (N d ) from a simulation of liquid water in Ref. 2 together 28 with the individual data points. Only values N d =0,1,2 are shown. 29 There are a few definitions of H-bonds (see Ref. (3)). We use the geometrical criteria frequently applied in studies of H-bond 30 networks (see Ref. 1 and Ref. 4). To count N d we classify a water molecule as an H-bond donor, when the oxygen atoms of the 31 two water molecules are separated by less than 3.5 Å and the H-O donor -Oacceptor (H-O...O) angle is less than or equal to 30 • . 32 The area of pre-edge intensity (σ) was evaluated as the area integral from the XAS spectra in the range [533,535.5] eV. The 33 spectra and the number of donated H-bonds were evaluated for each snapshot and for each molecule separately, which yielded 34 1344 individual (σ, N d ) pairs, that we here classify with respect to N d for average pre-edge intensity evaluation. For more 35 details, see Ref. 2. 36
0.5 × (70.7386 + 70.7064) = 70.7220 of the liquid and ice. We note that these two agree rather well. For the gas spectrum to match this intensity, a scaling factor of g = 70.7220/78.5419 ≈ 0.90044 should be applied to the spectrum, and especially all of its regional integrals. Most notably this yields pre-edge intensity of g × 4.8801 = 70.7220/78.5419 × 4.8801 ≈ 4.3942 to be used in linear interpolation with our assumptions. This interpolation yields the value of 1.7002 and the absolute deviation of 1.7002 − 1.7368 = −0.0366. Thus the relative error from this consideration reads |1.7002 − 1.7368| 1.7368 ≈ 0.021 = 2.1%. ψ(r) = χ(r)/r we get the following Schrödinger equation
where the potential V (r) = U (r) + l(l + 1)/r 2 for the l−th harmonic include the centrifugal potential. We model the confinement 57 of an electron inside of a coordination shell at r = R by the following potential
[3]
59
In spite of the fact that this model with extensive barrier ignores tunnelling, it allows to get the energy of the shape resonance.
60
Solution of Eq. 3 is straightforward and gives the following equation for the energy of the shape resonance (E kin < V0)
where k = √ 2E kin and κ = 2(V0 − E kin ). This equation comes from the pole of the electronic wave function in the case of 63 the barrier of finite length. The solution of Eq. 4 is as follows 64 kR = n * π, n ≤ n * ≤ n + 1 2 .
[5]
65
Here n is integer. Apparently n * = n when V0 = ∞ while n * = n + 1/2 when the energy E kin approaches V0. for effective quantum numbers n * = 0.5, 1, 1.5, and 2, respectively.
73
Eq. 5 shows the general property of the peak position of shape resonance
This correlation between the shape resonance and position of the effective barrier is universal and is widely used to extract the 76 bond length from the experimental data (8, 9) . One should notice that the constant C is sensitive to the system (diatomic 77 molecule, polyatomic molecules, liquids etc).
78
The gas and liquid lines of the phase diagram in Figure 1 are from Refs. 10, 11. For the phase diagram, the gray coexistence 79 curves between the triple points of ices (11-17) were obtained by Clausius equation as a boundary value problem with fixed 80 ∆S/∆V .
81
The experimental RIXS spectrum contained sidepeaks due to X-ray optics that were subtracted as follows: (i) a constant 82 background (the mean between -5.0 and -3.0 eV in loss scale) was subtracted; (ii) the spectra were normalized to highest 83 quasielastic to be 1.0 in height; (iii) a pseudo-Voigt lineshape for elastic and the sidepeak were fitted in the range between -5.0 84 and 0.2 eV in loss, points up to 2.5 in intensity are considered; (iv) the side peak was mirrored to the positive-loss side; (v) 85 subtraction of these fitted side peak shapes was performed. The fitting parameters do not have a simple physical correspondence, 86 and the procedure is justified by elimination of the side-peak on the anti-Stokes side of the spectrum, which is present due to 87 spectrometer optics. The energy scale is relative to the ground state of the ion, and we averaged over all oxygen sites of the simulation box. The 123 results with different upper limit τ for the integral are depicted in Figure 4 , where the instantaneous averaged emission spectra 124 are also shown.
125
In the analysis of XES, we refer to the structural parameters at the moment of ionization (before the core-ionized dynamics), 
